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(57) Abstract 

The instrument comprises as the main optical element a waveguide carrying a reactant specific to an analyte to be 
determined. light is injeaed at one end (proximal end) of the waveguide and is reflected from the other end (distal end) so 
that it travels forwards and baclcwards in the guide before being collected. Along its path it interacts with a complex form- 
ing on the surface of the guide as the result of the reaction of said reactant with the analyte whereby a light signal is pro- 
duced of a wavelength different from the exciting signaL The distal end of the waveguide is provided with filter means to 
block the exciting residual signal wavelength and to freely pass the response signal wavelength thus minimizing bacic- 
groimd noise. 
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AtCkLlgnCagi APBARftUB PGR OPTICMiEy DBTEBMINING 
SPHHES IN SOIPTICM 

The present invention cxxicems an analytical apparatus for op- 
tically determiniiri ^)ecies in solution, more especially for deter- 
mining bioactive species by reactions of the iinnunoassay type. 

Analytical ^aratuses corprising optical fiber probes which 
can optically monitor the adsorpticxi of chemical ^>ecies on the fi- 
ber core are known. This technique is based on the inroersion of a 
lit optical wave guide, for instance an optical fiber without clad- 
ding, in a test solution the refractive index of which is lower than 
that of the fiber, core, whereby an interacticxi takes place between 
the evanescent wave caiponent of the beam travelling along the guide 
and sense species in solaticxi to be determined. This, approach is par- 
ticularly interesting for monitoring events in the reaction space 
in close vicinity to the fiber, i.e. within reach of the evanescent 
wave conpcnent (a few tenths or hundredths of angstroms) , this be- 
ing in the case of tests based the reacticxi of a first partner 
in a cotplexation reaction,, this partner being adsorbed or coated 
on the probe surface, with a second partner dissolved in the sanple 
solution. 

Apparatuses suitable for such types of measurements have been 
recently disclosed in the following referaices WO84/00817; USP 
4,447,546 (HIRSCajPELD et al) ; GB 2,103,786 (ICI) ; J.D. ANDRADE et 
al. i^lied optics 23 (11) 1984, 1812-1815. 

In the ^aratuses of the prior art, the. light probe (optical 
fiber the cladding of \*ich has been at least partly removed) is ccxi- 
nected (coupled) by its proximal end to an optical excitation-detec- 
tion arrangement conporting generally a light source providing an 
excitation signal of wavelength ?i 3^, a beam splitter mirror separa- 
tor to direct the signal into the proximal end of the fiber and a 
photodetector oriented at an angle with the source for receiving the 
teot signal returned from the fiber, the beam splitter mirror effect- 
ing the separation between incident and returned light signals. 

In. the preferred approaches of the prior-art, the returned signal 
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is a fluorescent signal generated by sane conpcxient of the i^ecies 
under reaction with a wavelength X 2 longer than A !• 'K^erefore the 
beam splitter mirror is preferably a dichroic mirror, i,e. a lew pass 
interference filter with cut-off frequency between the maxirnum absorp- 
tion and maximum fluorescence back emissicxi of the fluorcphore of 
interest. This arrang^nent allows a rather clean separaticxi between 
the two signaL^. 

Regarding now the probe itsielfr this is generally constituted 
by a piece of optical fiber derived from its normal low refractive 
index cladding. TOxis probe is generally coated with a film of one. 
of the reactive species involved in an imnunotype reaction, e*g. an 
antibo^ specific to an antigen to be analyzed. When the lit probe 
is immersed in the test solution, the antigen reacts cai the fiber 
surface to provide an immunotype ccnplex enable of generating a fluo- 
rescence signal when excited by the evanescent wave conponent; this 
signal being returned to the detector via the fiber and the optical 
cocking ^stem. A perturbing signal (noise) may however be produced 
from the interaction of the excitation signal exiting from the fiber 
end and the bulk of the analyte and to avoid this drav^ck the fiber 
tip has been either blackened or made fully reflective^ In the first 
case, both the incident signal and the forward generated signal are 
absorbed with ccxiseguent decreased response and in the second case 
both the incident and fluorescent signals are returned to the sepa- 
rator with consequent relative high noise to signal ratio. 

The present inventicxi as defined in claim 1 remedies this situa- 
ticxi. In order to discloser it in more detail, reference is made to 
the annexed drawing. 

Fig. 1 is a diagrammatic representation of an analytical ins- 
trument according to the invention. 

Pig. 2 is an enlarged cross-sectiOTal view of a detail^ i.e. 
the coiqpling means between the probe and the remainder of the opti- 
cal fiber. 

Fig. 3 is a cross-sectional view of the probe tip with One entso- 
damait of means to filter out the incident signal and reflect the 
test signal. 

Fig. 4 is a cross-sectional view of another eiitxxaiment of such 
means. 
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The agparaiMS represented on fig. 1 ccmprises essentially a probe 
1 to be isnersed in a container 2 containing an analyte solution. 
The probe 1 is a piece of optical fiber of which the cladding has 
be«i rencved cn nearly its full extent; a small portion designated 
la still has the cladding not removed for mechanical coupling con- 
venience as seen later. 

The lower unclad portion of the fiber dipping in the sairpla li- 
quid is coated with a layer of a reactive material susceptible to 
bind with the analyte dissolved in the saitple to be analyzed in con- 
tainer 2, thus providing a conplex on the surface of the guide vAiidti 
will fluoresoe at wavelengthA2 ^^^st signal) . 

The present apparatus ftirther conprises an optical elanents ar- 
rangement ccoprising a light source Z, focussing means 4, a beam sepa- 
rating means 5, a test signal detector 6, a reference signal detec- 
tor 7 and a section of flexible optical fiber 8 held by positioning 
means 9 in proper optical position relative to the focussing means 
for receiving the excitation signal at wavelength v\ 3^ frcm source 3 
and at a proper angle for aisuring propagaticxi by multiple reflec- 
tion along the fiber 8. The elements 3 to 8. have been disclosed in 
the prior art in detail (see the aforementioned references) and need 
not be further detailed here; suffice to say that the detectors 6 
and 7 are normally suitably connected to circuitry for processing 
the detected signals, anplif^ing, discriminating and calculating 
results in the fcxm of electric signals to be displayed as readouts 
on suitable di^lay means, all such technology being well known from 
people skilled in the art. 

THie flexible fiber element 8 is coupled to the probe by coupl- 
ing means 10 shown in more details on fig. 2. Such means conprise 
essentially three balls- 11 (only two are shown) housed in a frusto-co- 
nically shaped recess 12 of a coupler frame 13 and exerting a pinch- 
ing action on the probe proximal end 14 by virtue of the acticxi of 
a cdipressicxi ^ring 15 resting on an inner c^per wall 16 of the re- 
cess 12 and pressing against the balls 11 via a plastic ring 17. Probe 
1 is therefore easily detachable by pulling off the coupler and inter- 
changeably replaceable by a fresh one tvhen used up after one analy- 
tical operation. 

m order to return the forward signal ;v 2 generated by the fluo- 
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rescing of the reactants on the probe surface ("forward" means the 
direction toward, the probe tip) a dichroic mirror is provided at the 
distal Old of fiber 1 as shown in fig* 3. Ifeis dichroic mirror com- 
prises three layers of transparoit materials 21, 22, 23 having suit- 
able refractive indexes to filter out the incident waveleiqth >^ and 
freely pass the test signal wavelength A 2- The nanner in which to 
select the material with suitable refractive indexes is well known 
(see for instance implied optics and optical Engineering, Editor R. 
KENGSIAKE, Vol* 1, pages 316-322, Academic Press, Ifew-York) . The mir- 
ror further conprises a metallic fully reflective back layer 24 (for 
instance of polished aluminum) v*ich will reflect the;\2 signal back- 
wards into the probe and from there back to the detector 6, 

In another eniaodiment (fig. 4) the distal end of the probe can- 
ports an cptical filter of a substance c^ble of selectively absorb- 
ing the signal at wavelength and freely passing the test signal 
at wavelength 7\ The arrangement is ccxrpleted, like in the previous 
enbodiment, fcy a polished fully reflective metallic mirror 26. Nar- 
row band filters of ths type used in this enbodiment are well known 
and available comnaercially from optical conponents manufacturers* 

TSie operation of the present apparatus can be described brief- 
ly as follows: 

The probe 1 bare section is first coated with a reactive ccxn- 
pcxient susceptible to selectively bind sane kind of analyte to be 
tested. In addition, in case the obtained corplex does not fluores- 
ce by itself, fluorescent labelling is provided in connection with 
either one or the other of the reactants, being provided however that 
no fluorescenoe (or oily reduced fluorescence) is produced in the 
absence of the desired inniunoreaction product. 

Then tiie coated probe, after suitable rinsing and drying, is 
connected to the flex:->le section 8. by means of the coupler 10. The 
cptical conponents 3 to 7 and the additioial electroiics are turned 
on and the lit probe is immersed into the container 2 caitaining the 
analyte to be determined fay the specific aforementioned reactioi on 
the probe surface. 

When the reaction proceeds a fluorescence test signal of wave- 
length 2 is generated at the probe surface by the interaction of 
the excitation light evanescent coiponent of wavelength An and the 
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analyte corplex layer. The backward conpOTent of the test signal is 
directly returned along the fiber toward the detector 6 via fiber 
8, and splitter 5 vrfiereas the forward ccxipcxient first reaches the 
distal end of the fiber where it is back reflected by the mirror 24 , 
26 after traversing the filtering section (see figs 3 and 4) insert- 
ed between the fiber tip and the mirror. Simultaneously, the unwant- 
ed excitation conporient travelling forward is eliminated by absprp- 
ticxi. Ibis technique enables to inprove the signal to noise ratio 
at the detector 6 and enables to increase sensitivity^ with a given 
light intensity input or to reduce the input energy without sacri- 
ficing sensitivity. 

The operation of the coiputation and display circuitry confiorms 
with the disclosures of the prior art and needs not be further develop- 
ped here. 

It is noted that when the present instrument is operated for 
making iimune type analysis, there is no cOTpulsory need to first 
<±tain the liquid to be analyzed as a sairple stored in a laborato- 
ry container, as for instance whai a blood saiiple is first taken from 
a patient. Thus, tiie probe of the present instrument can be direct- 
ly introduced, in situ, into the bloodstream of the patient or, if 
not possible, into a by-pass circuit tenporarily cainected, for in- 
stance during surgery. Ihdeed the probe of the cqpparatus of the in- 
vention is constituted by optical and mechanical elements of suffi- 
ciently small size to be used directly in sudi tests with only a mini- 
mum of disccHifort for the patient. 
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CLAIMS 

1. An Imnunoassay analytical instznaraent conprislng an optical 
fiber probe couplea to an cptical system ooirporting essentially an 
excitation signal {T^j) sourcer a test signal (^2) detector and a beam 
separating means for flitting said test signal at wavelength >2 
said excitation signal at waveZengtii said fiber being coated ^ith 
a bioreactive reactant capable of specifically bind to an analyte 
dissolved in a sanple of solutioi to provide an immunoassay type ccx&- 
plex/ viiereby a fluorescent test signal (^2) generated by inter- 
action of said excitation signal (Aj^) injected into said pr<*e and 
said conjJlex, said test signal being reflectively returned backwards 
via the mirrored tip of the probe, the coupler and the sQ)arating 
means to the detector to be collected ttiereby providing the desir- 
ed analytical informaticxi, characterized in that the probe fiber tip 
is provided with means to block the incident signal A and selecti- 
vely pass and return to the detector the. test signal 

?• The analytical instrument of claim If wherein the means to 
reflect the test signal and to block >^ and pass ^ 2 consists of a 
dichroic filtering mirror placed at ti^ tip of the probe. 

3. The analytical instrument of claim 1, vAierein the means- to 
block ^ -j^ and pass >^ 2 ccxisists in an optical absorptic»i filter inter- 
posed between the fiber end and said mirrored tip of the probe. 

4, The analytical instrument of claim 1, further conprising bet- 
ween said probe and said system a section of flexible optical fiber, 
said probe being detachably connected thereto by means of a plug type 
snap-CD: connector coupler* 

5. The analytical instrument of daim 4, v*ierein the ai^>-on 
connector coisists of a hoUqw plug permanently fitted to one end 
of said section of flexible fiber, said plug having a distal open- 
ing for inserting the free end of the probe and, held in a recess 
of said plug in caiinunication with said opening, a ^ring and ball 
pinching device acting on the proxiiTal bare end of the probe for re- 
taining it in optically coupled position with said flexible sectiai. 

6, The use of the analytical instrument of claim 1, for non-in-* 
vasively analyzing biological liquids in which the probe is contact- 
ed in situ with such liquid without requiring that a sanple of this 
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liquid be first taken from a patiait. 
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